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[57] ABSTRACT 
A method for coupling transcription and translation 
from DNA using a solution comprising a eukaryotic 
cell-free extract comprising adding a sufficient amount 
of a magnesium compound to the extract to raise the 
magnesium concentration to a level where RNA is 
transcribed from DNA and RNA translates into pro 
tcin. 
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COUPLED TRANSCRIPTION AND 
TRANSLATION IN EUKARYOTIC CELL-FREE 

EXTRACT 

This is a continuation of Ser. No. 775,136 ?led on 
Oct. 11, 1991 now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates generally to molecular biology, 
and more particularly, to a new method allowing cou 
pling of the transcription of RNA from a template 
DNA and the translation of the RNA in eukaryotic 
cellular lysates or other extracts. . 
The steps involved in the transcription and transla 

tion (expression) of genes in cells are very complex and 
are not yet completely understood. There is a basic 
pattern that must be followed, however, for protein to 
be produced from DNA. The DNA is ?rst transcribed 
into RNA, and then the RNA is translated by the inter 
action of various cellular components into protein. In 
prokaryotic cells (bacteria) transcription and translation 
are “coupled”, meaning that RNA is translated into 
protein during the time that it is being transcribed from 
the DNA. In eukaryotic cells (animals, plants) the two 
activities are separate, making the overall process much 
more complicated. DNA is transcribed into RNA inside 
the nucleus of the cell, but the RNA is further processed 
into mRNA and then transported outside the nucleus to 
the cytoplasm where it is translated into protein. 
The ability of molecular biologists to isolate and 

clone genes, as well as their ability to isolate particular 
mRNAs or “messages” from cells, has brought about 
the need for systems which can be used to express these 
genes or messages. The expression of a gene is impor 
tant in the overall understanding of its function and 
regulation. Methods are now available for rapid expres 
sion of proteins, making it possible to manipulate genes 
and then study the effect of the manipulations on their 
function. The amount of protein to be produced, 
whether the gene is prokaryotic or eukaryotic and the 
relative merits of an in vitro cell-free or an in vitro 
whole-cell system, are some of the factors considered 
by researchers when selecting an expression system. 
The choice of a system is in?uenced by the gene being 
studied. For the most part, a prokaryotic gene is ex 
pressed best in a prokaryotic system, and a eukaryotic 
gene is more efficiently and accurately expressed in a 
eukaryotic system. This is because of the many regula 
tory sequences and promoters that are recognized more 
efficiently in a like system. The expression of genes can 
be achieved in both in vitro whole-cell and in vitro 
cell-free systems. 

In vitro transcription systems using prokaryotic or 
eukaryotic cells are available, however, these systems 
are difficult to work with since intact cells are used. In 
vitro cell-free systems, on the other hand, are made 
from cell-free extracts produced from prokaryotic or 
eukaryotic cells that contain all the necessary compo 
nents to translate DNA or RNA into protein. Cell-free 
extracts can be prepared from prokaryotic cells such as 
E. coli and from eukaryotic cells such as rabbit reticulo 
cytes and wheat germ. Cell-free systems are very popu 
lar because there are standard protocols available for 
their preparation and because they are commercially 
available from a number of sources. 

E. coli S30 cell-free extracts were ?rst described by 
Zubay, G. (1973 Ann. Rev. Genet. Vol 7, p. 267). These 
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2 
can be used when the gene to be expressed has been 
cloned into a vector containing the appropriate prokar 
yotic regulatory sequences, such as a promoter and 
ribosome binding site. Prokaryotic E. coli cell-free sys 
tems are considered “coupled” because transcription 
and translation occur simultaneously after the addition 
of DNA to the extract. The use of RNA as a template in 
E. coli extracts results in protein production but such a 
reaction is not coupled. Rabbit reticulocyte lysates and 
wheat germ extracts are used preferably for the expres 
sion of eukaryotic genes or mRNA. Both systems re 
quire the use of RNA as the template for protein transla 
tion because, as previously mentioned, eukaryotic sys-v 
tems are not coupled. 

Rabbit reticulocyte lysate was described by Pelham, 
H. R. B. and Jackson, R. J. (1976, Eur. J. Biochem. Vol. 
67, p. 247). This expression system is probably the most 
widely used cell-free system for in vitro translation, and 
is used in the identi?cation of mRNA species, the char 
acterization of their products, the investigation of tran 
scriptional and translational control. Processing events, 
such as signal peptide cleavage and core glycosylation, 
are examined by adding canine microsomal membranes 
to a standard translation reaction (Walter, P. and Bio 
bel, G. (1983) Meth. Enzymol. 96, 84). Rabbit reticulo 
cyte lysate also contains a variety of post-translational 
processing activities, including acetylation, isoprenyla 
tion, proteolyis and some phosphorylation activity 
(Glass, C. A. and Pollard, K. M. (1990). Promega Notes 
26). 
Wheat germ extract was described by Roberts, B. E. 

and Paterson, B. M. (1973, Proc. Natl. Acad. Sczl U.S.A., 
Vol. 70, P. 2330). Cell-free extracts of wheat germ sup 
port the translation in vitro of a wide variety of viral 
and other prokaryotic RNAs, as well as eukaryotic 
mRNAs. (Anderson, C., et al. (1983) Meth. Enzymol. 
101, 635). Generally, it is found necessary to include a 
ribonuclease inhibitor in the reaction mix of a wheat 
germ translation system, as ribonuclease activities in 
wheat germ extract are present. 
RNA for translational studies is obtained by either 

isolating mRNA or by making in vitro RNA transcripts 
from DNA that has been cloned into a vector contain 
ing an RNA polymerase promoter. The ?rst method 
isolates mRNA or “message” directly from cells. 
The second obtains RNA for in vitro translation by in 

vitro transcription. In vitro transcription of cloned 
DNA behind phage polymerase promoters was de 
scribed by Krieg, P. and Melton, D (1984, NucL Acids 
Res, Vol. 12, p. 7057). This has become a standard 
method for obtaining RNA from cloned genes for use in 
in vitro translation reactions. This method requires that 
the DNA or gene of interest be cloned into a vector 
containing a promoter for one of the following RNA 
polymerases, SP6, T7 or T3. The vector is then linear 
ized at the 3' end of the cloned gene using a restriction 
enzyme, followed by an in vitro transcription reaction 
to make RNA transcripts. A number of vectors contain 
ing the SP6, T7 and T3 RNA polymerase promoters are 
commercially available and are widely used for cloning 
DNA. 

In any case, the process of obtaining RNA transcripts 
for use in rabbit reticulocyte lysate or wheat germ sys 
tems introduces a variable which can affect the effi 
ciency of the translation reaction. Extra care must al 
ways be taken when working with RNA as it is easily 
degraded by ribonucleases. DNA templates are much 
more stable. 
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After rabbit reticulocyte lysate and wheat germ ex 
tract were developed as cell-free translation systems, 
attempts were made to couple transcription and transla 
tion. One system that was developed was a “linked” 
transcription and translation system (Roberts, B. E., et 
al. (1975), Proc. Natl. Acad. Sci. U.S.A., Vol 72, 
1922-1926). This system involved the use of wheat 
germ extract and looked at transcription and translation 
of SV40 viral DNA using E. coli RNA polymerase. In 
this system transcription occurs in 15 minute incubation 
step Just prior to the addition of the wheat germ extract. 
The steps are separated because of incompatibility be 
tween the buffer conditions necessary for transcription 
and those necessary for translation, and also because of 
the different temperature requirements for both pro 
cesses. This system has a number of drawbacks. One is 
the lack of control over which protein product is pro 
duced, as a number of different proteins are synthesized 
simultaneously from the same SV40 DNA template. 
Although the authors of that study indicated that a 
coupled system had been developed no data for a cou 
pled system was shown. 
Another system was developed by Pelham, H. R. B, 

et al. (1978), Eur. J. Biochem, Vol. 82, 199-209, where 
coupled transcription and translation occurred after the 
introduction of vaccinia vital core particles into rabbit 
reticulocyte lysate. The production of vaccinia proteins 
from the viral DNA was presumably due to transcrip 
tion by the endogenous vaccinia RNA polymerase and 
subsequent translation by the lysate. This system was 
limited by the fact that only vaccinia proteins would be 
produced while exogenous DNA from sources other 
than vaccinia would not be recognized by the RNA 
polymerase and therefore no transcription or translation 
could occur. Vital core particles had to be isolated, and 
the authors were unable to exclusively produce a single 
protein. 
Work has also been described using “continuous” 

cell-free in vitro translation systems with the emphasis 
on large scale production of protein. Continuous sys 
tems are very different than the more common batch 
type, or static, in vitro cell-free translation reactions 
which occur in a contained reaction volume. Continu 
ous translation involves a bioreactor (such as an Ami 
con 8MC ultra?ltration unit) in which large scale reac 
tions are set up and protein is “continually” translated 
over extended periods of time. The reaction requires 
that a buffer be fed into the reaction as it progresses, and 
also requires that the products of translation be re 
moved from the reaction ?lter unit. This type of system 
works well with E. coli S30 extract and wheat germ 
extract when RNA template is introduced. See Spirin, 
et al. (1988) Science, Vol 242, 1162-1164. The system 
also works using RNA templates in rabbit reticulocyte 
lysate. See Ryabova, et al. (1989) NucL Acid Res, Vol. 
17, No. 11, 4412. The system is also known to work well 
with DNA templates in E. coli S30 extracts. See Bara 
nov, et al. (1989) Gene, Vol 84, 463-466. PCT publica 
tion WO9l02076 discloses continuous cell-free transla 
tion from DNA templates using eukaryotic lysates. 

Continuous reactions are performed variously from 
tens of hours up to around one hundred hours, and 
require a substantial investment of time and resources to 
set up and run. Translation in a “continuous” system is 
also directed towards producing large amounts of pro 
tein, and differs substantially from standard (static) in 
vitro translation reactions. Static reactions can be run in 
a small reaction volume, typically measured in microli 
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4 
ters, and are often completed in one to two hours. A 
static translation reaction is not directed towards pro 
ducing preparative amounts (milligrams) of proteins. A 
static reaction is generally used to produce protein for 
investigative applications, such as the identi?cation and 
characterization of mRNA species, or studies of tran 
scriptional or translation control. None of the rabbit 
reticulocyte or wheat germ systems currently known 
for in vitro translation provide for coupled transcription 
and translation in a static reaction mixture. 

SUMMARY OF THE INVENTION 

It is an object of the invention, therefore, to provide 
a simple method for producing protein from a template 
DNA in a standard in vitro translation reaction utilizing 
a eukaryotic cellular lysate. 
A more speci?c object of the invention is to provide 

such a method which can be used to couple transcrip 
tion and translation of a single protein coded by the 
DNA template. 
Another object is to provide a process for enhanced 

in vitro protein production from DNA templates 
through coupled transcription and translation reactions 
using eukaryotic cell-free lysates. 
A further object is to provide a method for manufac 

turing eukaryotic cellular lysates for use in coupled 
transcription and translation experiments. 
A still further object is to provide a method for pro 

ducing such a lysate preparation which has one or more ' 
of the components or reagents necessary for coupled 
transcription and translation. 

It is another object to provide such a preparation for 
use in coupled transcription and translation experi 
ments. 
A further object of the invention is to provide a kit 

having a prepared rabbit reticulocyte lysate or wheat 
germ extract and including other components or rea 
gents necessary for producing a reaction mixture for 
coupling transcription and translation from a DNA 
template. 
A more speci?c object is to provide a kit having as at 

least one component a prepared rabbit reticulocyte 
lysate or wheat germ extract preparation which has one 
or more of the reagents necessary for coupling tran 
scription and translation. 
For the achievement of these and other objects, this 

invention provides a method for coupling transcription 
and translation in eukaryotic cellular lysate. The 
method comprises adding a suf?cient amount of a mag 
nesium compound to the lysate to raise the ?nal magne 
sium concentration thereof to a level where RNA is 
transcribed from DNA and RNA translates into pro 
tein. 
The invention also provides a process for producing 

protein from a DNA template having a speci?c poly 
merase promoter sequence through coupled transcrip 
tion and translation in a solution. This is accomplished 
by preparing a standard preparation of a eukaryotic 
cellular lysate, modifying the lysate with suf?cient con 
centrations of ribonucleotide triphosphates, amino acids 
and the polymerase corresponding to the promoter 
sequence of the template DNA to support transcription 
and translation, and adding a suf?cient amount of a 
magnesium compound to the solution to raise the ?nal 
magnesium concentration to a level where RNA is 
transcribed from DNA and RNA translates into pro 
tein. Only that protein corresponding to the gene adja 
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cent the promoter sequence in the DNA will be pro- ' 
duced. 
The invention additionally provides a modi?ed eu 

karyotic cellular lysate prepared in accordance with the 
method whereby the ?nal magnesium concentration is 
raised to a level where RNA is transcribed from DNA 
and RNA translates into protein. The lysate can have its 
magnesium concentration so adjusted during manufac 
ture. The invention also provides a kit that comprises a 
container containing prepared eukaryotic cellular lysate 
for coupled transcription and translation. In addition to 
having an adjusted magnesium concentration, this ly 
sate can contain a variety of additional components 
required for coupled transcription and translation. One 
of the additional components that can be included is an 
RNA polymerase. Others are various buffers or salts or 
other components or reagents for optimizing coupled 
transcription and translation reaction conditions, such 
as spermidine, which is known to stimulate the ef? 
ciency of chain elongation. 
The coupling of transcription and translation in rabbit 

reticulocyte or wheat germ systems signi?cantly in 
creases protein production when compared to standard 
in vitro translation with RNA templates, and the cou 
pled transcription and translation has been shown to 
work for a variety of different proteins over a wide 
range of molecular weight sizes. 
The gene or DNA to be translated is preferably 

cloned behind an RNA polymerase promoter such as 
the SP6, T7, or T3 promoters, or any RNA polymerase 
promoter for which a polymerase is available. The 
DNA template can be introduced into the coupled tran 
scription and translation reaction in the form of a closed 
circular plasmid DNA or as a linearized plasmid DNA. 
RNA polymerase promoter sequences can also be at 
tached to speci?c DNA fragments by the thermocy 
cling ampli?cation process, and these linear DNA frag 
ments can be used in coupled transcription and transla 
tion reactions. 

Standard in vitro translation reactions require very 
little investment of time and resources and are a well 
established method for expressing protein qualitatively. 
By coupling transcription and translation in standard in 
vitro translation reactions using rabbit reticulocyte ly 
sate or wheat germ extract the need for a separate in 
vitro transcription reaction is eliminated and protein 
production is signi?cantly enhanced. Thus, coupled 
transcription and translation using rabbit reticulocyte 
lysate or wheat germ extract provides a signi?cant im 
provement over current standard in vitro translation 
reactions. An unexpected bene?t is that the production 
of the desired protein product is increased dramatically 
(several fold) over that which is seen by the addition of 
RNA to standard in vitro translation reactions. In addi 
tion, there is no need for a separate capping reaction 
with coupled transcription and translation. 
Another advantage is that protein production can be 

achieved from a cloned or ampli?ed DNA template 
containing a speci?c RNA polymerase promoter. In 
this manner RNA can be directed to be synthesized 
from a single gene downstream of the promoter, and 
only the proteins translated from that RNA are pro 
duced. If that RNA directs only one protein, then only 
one protein is produced through the reaction. Plasmid 
vectors for such use are well known in the art and are 
available from several sources, allowing the researcher 
to produce protein from any cloned gene at will. 
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6 
Other features and advantages of the invention will 

become apparent to those of ordinary skill in the art 
upon review of the following detailed description and 
claims. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

For purposes of the invention, any eukaryotic cellular 
lysate can be used, and a number of conventional tech 
niques exist for their preparation. Eukaryotic cell-free 
lysates are preferred expression systems for many rea 
sons, at least partially because they retain a variety of 
post-translational processing activities. With the addi 
tion of canine microsomal membranes processing 
events, such as signal peptide cleavage and core glyco 
sylation, can be examined. Eukaryotic cellular lysates 
also support the translation in vitro of a wide variety of 
vital and other prokaryotic RNAs, as well as eukaryotic 
mRNAs. 
While other eukaryotic systems are suitable, rabbit 

reticulocyte lysate and wheat germ extract are pre 
ferred. These eukaryotic lysates are popular with re 
searchers, and are widely available. In a preferred em 
bodiment, rabbit reticulocyte lysate is prepared by a 
method described by Pelham, H. and Jackson, R. J. 
(1976, Eur. J. Biochem. 67, 247-256) and modi?ed ac 
cording to the manufacturing protocol L4l5/L4l6, 
Promega Corp., Madison, Wis. Reticulocyte lysate is 
prepared from New Zealand White rabbits injected 
with phenylhydrazine, which ensures reliable and con 
sistent reticulocyte production in each lot. The reticulo 
cytes are puri?ed to remove contaminating cells which 
could otherwise alter the translational properties of the 
?nal extract. After the reticulocytes are lysed, the ex 
tract is treated with micrococcal nuclease and CaClg, to 
destroy endogenous mRNA and thus reduce back 
ground translation to a minimum. EGTA is then added 
to chelate the CaClz and thereby inactivate the nucle 
ase. 

The lysate contains cellular components necessary 
for protein synthesis. These include tRNAs, rRNAs, 
amino acids and initiation, elongation, and termination 
factors. The lysate is further optimized for mRNA 
translation by adding an energy generating system, 
consisting of pre-tested phosphocreatine kinase and 
phosphocreatine. Also added are a mixture of tRNAs to 
expand the range of mRNAs which can be translated, 
and hemin to prevent inhibition of initiation. Hemin is 
included in the reticulocyte lysate because it is a sup 
pressor of an inhibitor of the initiation factor eIFZa. In 
the absence of hemin, protein synthesis in reticulocyte 
lysates ceases after a short period of incubation (Jack 
son, R. and Hunt, T. 1983 Meth. In EnzymoL 96, 50). 
Potassium acetate and magnesium acetate are added at a 
level recommended for the translation of most mRNA 
species. This is the standard rabbit reticulocyte lysate 
used for in vitro translations. The ?nal magnesium con 
centrations for standard rabbit reticulocyte lysate, as 
described in the following table, are typically in the 
range of about 4.2 to 5.0 mM, which is used at a 50% 
ratio in coupled transcription and translation reactions. 

Final Concentration Contributions of Added Components in a 
Rabbit Reticulocyte Lysate Translation Reaction 

Which is 50% Lysate 

Creatine phosphate 
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-continued 
Final Concentration Contributions of Added Components in a 

Rabbit Reticulocyte Lysate Translation Reaction 
Which is 50% Lysate 

Creatine phosphokinase 35 pg/rnl 
DTT 1.4 mM 
Calf liver tRNA 35 pig/ml 
Potassium acetate 56 mM 
Magnesium acetate 350 pM 
Hemin 14.3 ttM 

Another preferred embodiment utilizes wheat germ 
extract. This can be prepared by a method described by 
Roberts, B. E. and Paterson, B. M. (1973), Free. Natl. 
Acad. Sci. USA. Vol. 70, No. 8, pp. 2330-2334), follow 
ing the modi?cations described by Anderson, C. W., et 
a1. (1983, Meth. Enzymol. Vol. 101, p. 635) and modi?ed 
as in the manufacturing protocol L418, Promega Corp. 
Madison, Wis. Generally, wheat germ extract is pre 
pared by grinding wheat germ in an extraction buffer, 
followed by centrifugation to remove cell debris. The 
supernatant is then separated by chromatography from 
endogenous amino acids and plant pigments that are 
inhibitory to translation. The extract is also treated with 
micrococcal nuclease to destroy endogenous mRNA, to 
reduce background translation to a minimum. The ex 
tract contains the cellular components necessary for 
protein synthesis, such as tRNA, rRNA and initiation, 
elongation, and termination factors. The extract is fur 
ther optimized by the addition of an energy generating 
system consisting of phosphocreatine kinase and phos 
phocreatine, and magnesium acetate is added at a level 
recommended for the translation of most mRNA spe 
cies. The ?nal magnesium concentration for standard 
wheat germ extract, as described in the following table, 
is typically in the range of about 6.0 mM to 7.5 mM. 

Final Concentration Contributions of Added Components in a 
Wheat Germ Extract Translation Reaction 

Which is 50% Extract 

Creatine phosphate 10 mM 
Creatine phosphokinase 50 jig/ml 
DTT 5 mM 
Calf liver tRNA S0 pig/ml 
Magnesium acetate 3.0-3.75 mM 
Potassium acetate 50 mM 
Spermidine 0.5 mM 
ATP 1.2 mM 
GTP . 0.1 mM 

HEPES (pH 7.6) 12 mM 

For coupled transcription and translation the magne 
sium concentration of the eukaryotic cellular lysate 
must be adjusted by an additional magnesium com 
pound, preferably a salt. Preferred salts include magne 
sium chloride and magnesium acetate. The addition of a 
buffering agent can be used in the solution to stabilize 
the pH, although this isn’t necessary. For coupling tran 
scription and translation, a suf?cient amount of magne 
sium chloride or acetate is added to the lysate to raise 
the ?nal magnesium concentration to a level where 
RNA is transcribed from DNA and RNA translates into 
protein. This level will vary depending upon the lysate 
used. 
The simple addition of a prokaryotic RNA polymer 

ase and ribonucleotide triphosphates to a standard rab 
bit reticulocyte lysate or wheat germ extract does not 
allow in vitro protein production from DNA templates. 
The particular adjustments of the salt concentrations in 
the system that will be described, however, allow pro 
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8 
tein production by creating conditions within the lysate 
which permit both transcription of DNA into RNA and 
translation of the RNA into protein. 
Magnesium is known to be important for optimizing 

translation, as it enhances the stability of assembled 
ribosomes and functions in their binding together dur 
ing translation. Magnesium also appears to play a role in 
facilitating polymerase binding. Potassium is important 
as well for optimizing translation, but unlike the case for 
magnesium, for coupled transcription and translation 
the concentration of potassium ions does not need to be 
altered beyond standard translation preparation levels. 

Potassium and magnesium are in the standard rabbit 
lysate. The levels are partially from the endogenous 
lysate levels, and partially from the additions made in 
the preparation of the lysate, as are done for translation 
lysates. Lysate is diluted somewhat in manufacture, and 
the prepared lysate is then only used at 50% for coupled 
transcription and translation reactions. 
As the magnesium concentration should be adjusted 

to within a rather narrow optimal range, it is preferred 
that the lysate magnesium levels be measured directly 
through the use of a magnesium assay, prior to the 
addition of extra magnesium, so that the amount of 
magnesium in a reaction can be standardized from one 
batch of lysate to the next. The Lancer “Magnesium 
Rapid Stat Diagnostic Kit” (Oxford Lab Ware Divi 
sion, Sherwood Medical Co., St. Louis, Mo.), is one 
such assay which can accurately measure the magne 
sium levels in biological ?uid. Once the magnesium ion 
concentration for a given batch of lysate is known then 
additional magnesium, for instance in the form of a 
concentrated magnesium salt solution, can be added in a 
known manner to bring the magnesium concentration 
of the lysate to within the optimal range, or, in the case 
of a modi?ed lysate preparation to be used as one-half of 
a reaction mixture, to within twice the optimal range. 

Thus, it has been found that when the ?nal magne 
sium concentration of rabbit reticulocyte lysate is ad 
justed, such as by adding a concentrated solution of 
magnesium chloride or acetate, to a concentration 
greater than 2.5 mM but less than 3.5 mM, preferably 
between 2.6 mM and 3.0 mM, coupled transcription and 
translation occurs. For coupling transcription and trans 
lation using wheat germ extract, a final concentration of 
magnesium chloride or acetate greater than about 3.0 
mM but less than about 5.25 mM produces protein, 
preferably adjusted to approximately 4.0 mM to 4.75 
mM 

Reaction conditions for coupled transcription and 
translation must include the addition of ribonucleotide 
triphosphates (ATP, GTP, CT P, UTP) and amino 
acids, for rabbit reticulocyte lysate to ?nal concentra 
tions of 0.4 mM each, and 20 p.M each respectively. 
Reaction conditions for wheat germ extract are modi 
?ed by the addition of ribonucleotide triphosphates to 
?nal concentrations of 0.4 mM for CTP and UTP, 0.5 
mM for GTP and 1.6 mM for ATP, while amino acids 
are added to a ?nal concentration of 20-80 nM. If a 
radiolabeled amino acid is used in the coupled reaction, 
such as 35S methionine or 3H leucine, then the corre 
sponding amino acid is left out of the amino acid mix. 
An RNA polymerase, either SP6, T7, or T3, is then 
added, preferably to a ?nal concentration of about 
80-160 unitsper 50 pl reaction. The DNA template 
with the gene to be translated is added at a concentra 
tion of 1 ng, and the reaction volume is adjusted to 50 
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ul with the addition of water. The reaction is then incu 
bated at 30° C. for 1-2 hours. 
Although potassium is added to the reaction mixture 

in the preferred embodiment, in contrast to magnesium 
additional potassium does not greatly increase protein 
production, but only offers a slight improvement when 
proper magnesium levels are already present. Potassium 
acetate is added to an optimal ?nal concentration of 
about 59 mM. Although potassium chloride or acetate 
can be added, because of the greater amounts added 
than is the case for magnesium, potassium acetate is 
preferred. The standard translation lysate level can be 
used, a concentration of approximately 56 mM, while 
spermidine is added to give a ?nal concentration of 
about 0.2 mM. The ?nal concentration of potassium 
chloride or acetate is also an estimation based on the 
amount of this component in standard lysate, but it must 
be recognized that this concentration, as well as the 
magnesium concentration, can vary slightly due to en 
dogenous components. 

Additional components can be added to the lysate as 
desired for improving the ef?ciency or stability of the 
coupled transcription and translation reaction. One 
common addition to coupled transcription and transla 
tion reactions is an amount of a polyamine suf?cient to 
stimulate the efficiency of chain elongation. Although 
not absolutely necessary, for coupled transcription and 
translation a ?nal concentration of spermidine in the 
mixture of about 0.2 mM is optimal, in that an increase 
of protein production is observed with this concentra 
tion. Polyamines affect optimal magnesium levels as 
well, and are known to lower the effective magnesium 
concentration for translation reactions somewhat. It 
appears that the polyamines may substitute for magne 
sium at some level, and thus would play a role in the 
optimization of magnesium requirements, possibly even 
permitting some lowering of optimal magnesium levels 
for coupled transcription and translation. 

Optimal magnesium concentrations in the in vitro 
environment are affected by other conditions and con 
siderations, too. As the ribonucleotide triphosphate 
concentration goes up, for instance, there is a concomi 
tant increase in the optimal magnesium concentration, 
as the ribonucleotide triphosphates tend to associate, or 
chelate, with magnesium in solution. Thus, when the 
ribonucleotide triphosphate concentrations cited for the 
above reactions are increased to 0.6 mM, the production 
of protein from coupled transcription and translation 
reactions is greatly reduced. The optimal concentration 
of magnesium also varies with the type of cellular ly 
sate, whether using wheat germ extract or rabbit reticu 
locyte lysate. The amount of magnesium required to be 
added to achieve optimal levels will vary with the con 
centration of the lysate used in the reaction mixture, as 
increasing the concentration of the lysate will increase 
the contribution of magnesium from the lysate itself. 
Due to the large number of components in a lysate 

mixture, it can not be said with certainty whether it is 
the protein translation from RNA, the transcription of 
RNA from DNA or both that is adversely affected at 
other than optimal salt conditions. The observation is 
the same in any case, that detectible levels of protein are 
not produced in the reaction. With a small adjustment 
to the magnesium concentration, possibly adjusted by 
the polyamine concentration and watching that ribonu 
cleotide triphosphate concentration levels do not be 
come a problem, coupled transcription and translation is 
observed, but only through a relatively small range. 
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Dithiothreitol (DTT) is preferably added to the trans 

lation mixture. When included in coupled transcription 
and translation reactions, DTI‘ is preferably added to a 
final concentration of about 1.45 mM. Optimal DTT is 
about 5.1 mM for wheat germ. Also, a ribonuclease 
inhibitor, such as RNasin, can be added to the lysate, to 
effectively inactivate endogenous ribonucleases. Con 
centrations of 40 units per 50 pl reaction have been 
shown to help prolong the reaction. It is not an absolute 
requirement for coupled transcription and translation in 
rabbit reticulocyte lysate, but RNasin is required for 
coupled transcription and translation using wheat germ 
extract. The omission of RNasin from the latter results 
in no protein translation, as there are active ribonucle 
ases present in the lysate. 
The preferred coupled transcription and translation 

concentrations for rabbit reticulocyte lysate, of potas 
sium chloride or acetate, magnesium chloride or acetate 
and spermidine, can be achieved by the addition of 2.5 
ul of an optimized tris/acetic acid buffer (1 XTA buf 
fer=33 mM Tris/acetic acid ph 7.8, 65 mM potassium 
acetate, 10 mM magnesium acetate, 4 mM spermidine, 1 
mM DTT). When added to a standard 50 ul in vitro 
translation reaction, this buffer raises the magnesium 
level in the lysate by 0.5 mM overall. 

Rabbit reticulocyte lysate can be modi?ed during 
manufacture. The lysate is used at a 50% concentration 
(25 ul lysate per 50 ul reaction, typically), and so a 
preferred modi?cation involves adjusting the potassium 
acetate concentration to 118 mM, the magnesium ace 
tate to about 5.2 mM to 6.0 mM, and spermidine to 0.4 
mM. This gives optimal ?nal concentrations of 59 mM 
potassium acetate, 2.6 mM to 3.0 mM magnesium ace 
tate and 0.2 mM spermidine when 50% lysate is used in 
a coupled transcription and translation reaction. The 
lysate can be further modi?ed by the addition of one of 
the RNA polymerases (SP6, T7, or T3) to the lysate, 
preferably at a concentration of 80-160 units per 50 ul 
reaction. Such a modi?ed lysate can be stored frozen 
until needed. 

Spermidine is also preferably added to wheat germ 
extract, optimally to a ?nal concentration of about 0.9 
mM. Potassium acetate is preferably added to a ?nal 
concentration of approximately 56.5 mM. These con 
centrations can be achieved by the addition of 5.0 ul of 
l><TA buffer to a 50 1.1.1 in vitro translation using stan 
dard wheat germ extract, although these concentrations 
are based on estimations of the amounts of these compo 
nents in standard wheat germ extract and may vary 
slightly due to endogenous components in the lysate 
itself. 
Wheat germ extract can also be modi?ed during the 

manufacturing process so that the ?nal concentrations 
of potassium acetate, magnesium acetate and spermidine 
will equal those described in the reaction conditions 
above for wheat germ when the lysate is used at a 50% 
concentration. Wheat germ extract can be further modi 
?ed during manufacture by the addition of one of the 
RNA polymerases to a ?nal concentration of 80-160 
units per reaction. Modi?ed extract is stored frozen 
until it is used. 

Leaving magnesium concentrations at levels present 
in the standard lysate, production of protein does not 
occur. The addition of all of the other components of 
the lXTA buffer to the reaction mixture, only without 
the magnesium, results in a reaction that produces no 
protein. On the other hand, addition of excess magne 
sium will cease translation altogether. For instance, in a 
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similar reaction mixture utilizing rabbit reticulocyte 
lysate, but having ?nal magnesium concentrations of 
about 3.5 mM, translation of protein again ceases. This 
upper limit will presumably vary slightly depending 
upon other parameters such as potassium and spermi 
dine concentrations, as well as ribonucleotide triphos 
phate concentrations both of which are known to vary 
the optimal magnesium concentration for translation of 
RNA into proteins. 
Both modi?ed wheat germ extract and modi?ed rab 

bit reticulocyte lysate can be included as part of a kit for 
facilitating the set up of coupled transcription and trans 
lation reactions. Such a kit improves the convenience to 
the researcher, as the eukaryotic cellular lysate comes 
prepared and ready for use. In addition to the rabbit 
reticulocyte lysate or wheat germ extract, such a kit can 
include the components, reagents, including enzymes, 
and buffers necessary to perform coupled transcription 
and translation upon the introduction of a DNA tem 
plate. The lysate can be standard, or can be of the type 
where the adjustments to its salt concentrations have 
already been made during manufacture, or additionally 
where one or more of the components, reagents or 
buffers necessary for coupled transcription and transla 
tion have been included. 
The amount of protein produced in a coupled in vitro 

transcription and translation can be measured in various 
fashions. One method relies on the availability of an 
assay which measures the activity of the particular pro 
tein being translated. An example of an assay for mea 
suring protein activity is the luciferase assay system 
described in Technical Bulletin 101, Promega Corp., 
Madison, Wis. These assays measure the amount of 
functionally active protein produced from the coupled 
in vitro transcription and translation reaction. Activity 
assays will not measure full length protein that is inac 
tive due to improper protein folding or lack of other 
post translational modi?cations necessary for protein 
activity. 
Another method of measuring the amount of protein 

produced in coupled in vitro transcription and transla 
tion reactions is to perform the reactions using a known 
quantity of radiolabeled amino acid such as 35S methio 
nine or 3H leucine and subsequently measuring the 
amount of radiolabeled amino acid incorporated into 
the newly translated protein. For a description of this 
method see the in vitro Translation Technical Manual, 
Promega Corp., Madison, Wis. Incorporation assays 
will measure the amount of radiolabeled amino acids in 
all proteins produced in an in vitro translation reaction 
including truncated protein products. It is important to 
separate the radiolabeled protein on a protein gel, and 
by autoradiography con?rm that the product is the 
proper size and that secondary protein products have 
not been produced. The most accurate measure of pro 
tein production is to correlate the measure of activity 
with the measurements of incorporation. 
As described above, coupled transcription and trans 

lation reactions require the introduction of a DNA 
template. Further enhancement of in vitro protein trans 
lation has been achieved with the use of a vector con 
taining a poly A sequence at one end of the multiple 
cloning region. A preferred vector also contains an 
SP6, T7 or T3 RNA polymerase promoter at the oppo 
site end of the multiple cloning region, so that cloning 
into the vector produces a gene that is ?anked by an 
RNA polymerase promoter at the 5’ end and a poly A 
sequence at the 3’ end. Many cloning vectors commer 
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cially available contain one or more of the promoters 
SP6, T7, or T3 as they are widely used for standard in 
vitro transcription reactions. The vector pSP64 (polyA) 
is commercially available from Promega Corp., Madi 
son, Wis. This vector was used to clone the luciferase 
gene which was subsequently translated in a coupled 
transcription and translation reaction using rabbit retic 
ulocyte lysate. The same luciferase gene was cloned 
into a different vector lacking the poly A sequence and 
subsequently translated in a coupled transcription and 
translation reaction. When activity assays were per 
formed on product from these reactions, a signi?cant 
increase in activity was evident in the reaction which 
contained the poly A construct. 
To study the cotranslational and initial post-transla 

tional modi?cations of proteins, coupled transcription 
and translation reactions can be performed in the pres 
ence of canine pancreatic microsomal membranes. Sig 
nal peptide cleavage, membrane insertion, translocation 
and core glycosylation are some of the modi?cations 
that can be studied. A coupled transcription and transla 
tion reaction using a clone of the B-lactamase precursor 
in the presence of microsomal membranes produced the 
expected form of the protein showing signal processing 
had taken place. Likewise, a coupled transcription and 
translation reaction using a clone of the precursor for a 
factor from S. cerevisiae in the presence of microsomal 
membranes produced the expected processed form of 
the protein showing glycosylation. 
Coupled transcription and translation can be used in 

any method that requires the in vitro translation of 
proteins. These methods include in vitro mutagenesis of 
genes to study structure and function of the resulting 
proteins. Other methods are the vitro translation of 
modi?ed proteins for the purpose of isolating or purify 
ing the protein away from the rest of the reaction and 
the in vitro translation of protein for the purpose of 
producing antibodies to that protein. The method of 
coupled transcription and translation in rabbit reticulo 
cyte lysate or wheat germ extract offers advantages 
over current methods of in vitro translation in that these 
systems require less time and yield enhanced levels of 
protein. 
There are also a number of advantages in using such 

a static coupled transcription and translation reaction 
over continuous or ?ow-through reactions. First of all, 
there is a major difference in the applications for the 
two systems. The continuous system is for large scale 
industrial production of proteins whereas static system 
reactions are suited to the everyday researcher cur 
rently doing in vitro translations. Continuous transla 
tion is much more expensive to perform, requiring an 
investment in equipment (a single Amicon unit costs 
approximately $2,000) as well as signi?cant amounts of 
reagents. In particular, the levels of RNA polymerases 
used to make continuous eukaryotic reactions work is 
prohibitive for simple research applications 
(20,000—30,000 units/reaction). Continuous reactions 
are designed to be performed in relatively large vol 
umes, while static reactions require no extra equipment 
and only small amounts of reagents, since the reaction 
volume is typically only on the order of 50 pl or less. 
The time required for a continuous reaction is signi? 

cant, anywhere from 24 to 100 hours, whereas static 
reactions require only 1 to 2 hours to completion. For 
researchers currently performing in vitro translation, 
the static system offers signi?cant time savings for most 
analytical or other research applications by bypassing 
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the in vitro transcription step. Because of the time re 
quired both for the set up and for the running of contin 
uous reactions there is no net time savings for a typical 
researcher, even for coupled translation and transcrip 
tion in such a system. Furthermore, with the static cou 
pled transcription and translation system signi?cant 
increases in protein production are observed when com 
pared to standard in vitro translation using RNA tem 
plates. Further increase in protein production is ob 
served in the static system when the DNA template 
contains a 3' poly A sequence. 

In general, then, the static system makes coupled 
transcription and translation available to the everyday 
researcher, not only because of the cost effectiveness 
and ease of use, but also because of the signi?cant time 
savings and increased protein production over other 
known eukaryotic systems. 

EXAMPLE 1 

Coupled transcription and translation was performed 
on a DNA construct. containing the luciferase gene. The 
reaction was assayed for the production of luciferase 
enzyme using the luciferase assay system (Prornega, 
Corp., Madison, Wis). Luciferase activity is measured 
in Turner light units using a Turner luminometer. Cou 
pled transcription and translation was achieved under 
the following reaction conditions: 

25.0 pl 
8.0 pl 
1.0 pl 
2.5 pl 
1.0 pl 

standard rabbit reticulocyte lysate 
rNTP's (ATP, GTP, UTP, CT P) 2.5 mM each 
SP6 RN.A polymerase (80 units/ pl) 
l X TA buffer‘ 
RNasin (40 units/pl) 

1.0 pl pSP64polyA/luc DNA (1 pg) circular plasmid DNA 
1.0 pl 1 mM amino acids (complete) 
9.5 pl H2O 

50.0 pl 
'1 X TA buffer consists of 33 mM Tris/acetic acid Ph 7.8, 65 mM potassium acetate, 
10 mM magnesium acetate, 4 mM spermidine, and 1 mM DTT. 

The reaction was incubated at 30° C. for 1.5 hours. 
After 1.5 hours a 2.5 pl sample from the above reaction 
was assayed in the luminometer with a 100>< light ?lter 
in place. The sample produced greater than 30,000 
Turner light units. Control experiments where either 
DNA was omitted from the reaction or where no 
lXTA was included produced no Turner light units. 

EXAMPLE 2 

Coupled transcription and translation was likewise 
performed in a reaction containing wheat germ extract. 
Again, the DNA construct used contained the lucifer 
ase gene. Coupled transcription and translation was 
achieved under the following conditions: 

25.0 pl 
8.0 pl 
5.0 pl 
1.0 pl 
1.0 pl 

standard wheat germ extract 
rNTP‘s (ATP, GTP, C'I'P, UTP) 2.5 mM each 
1 X TA buffer 
RNasin (40 units/ pl) 
SP6 RNA polymerase (80 units/ pl) 

1.0 pl pSP64polyA/luc DNA (1 pg) circular plasmid DNA 
1.0 pl 1 mM amino acids (complete) 
8.0 gl H2O 

50.0 pl 

The reaction was incubated for 1 hour at 30° C. After 1 
hour a 2.5 pl sample from the reaction was measured in 
the luminometer with a 100x light ?lter in place. The 
sample produced greater than 5,000 Turner light units. 
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EXAMPLE 3 

Coupled transcription and translation was also per 
formed with lysates modi?ed during manufacture by 
the addition of certain components or reagents. During 
the manufacture of a rabbit reticulocyte lysate an ali 
quot was set aside and SP6 RNA polymerase was added 
to the lysate before it was frozen. SP6 was added to the 
level of 160 units of SP6 per 25 pl lysate. The lysate was 
quick frozen and stored at --70° C. until used. Coupled 
transcription and translation reactions were set up fol 
lowing conditions in example 1 except that no addi 
tional SP6 was added. The reactions performed with 
rabbit reticulocyte lysate that had SP6 RNA polymer 
ase added during manufacture produced protein. Fur 
ther experiments have shown that the other compo 
nents (buffers and amino acids, for instance) necessary 
for coupled transcription and translation can be added 
to the lysate during its manufacture. The lysate with the 
components added can be used to produce protein in 
coupled reactions upon the introduction of DNA tem 
plates. 

EXAMPLE 4 

DNA constructs containing genes for a variety of 
proteins were tested in coupled transcription and trans 
lation reactions. The same reaction conditions as in 
example 1 were used except that a radiolabeled amino 
acid (358 methionine) was included in the reaction mix. 
Methionine was eliminated from the amino acid mix. 
Reactions were performed using plasmid DNA con 
structs cloned behind the SP6 or T7 RNA polymerase 
promoters. pGEMLuc plasmid DNA coding for lucif 
erase was used in coupled transcription and translation 
reactions and yielded 15.3% incorporation of the radi 
olabeled amino acid. This compared to a standard in 
vitro translation using a transcribed RNA template of 
the luciferase clone which yielded 0.8% incorporation. 
Samples from these reactions were run on SDS/PAGE 
gels to con?rm that the protein product was the proper 
size for luciferase. Further experiments were performed 
using a clones of the B-lactamase gene and the a factor 
of S. cerevisiae behind the SP6 promoter. Standard in 
vitro translation using an RNA template of B-lactamase 
yielded 3% incorporation of the labeled amino acid 
whereas a coupled transcription and translation reac 
tion using a DNA template yielded 26.8% incorpora 
tion. A standard in vitro translation reaction using an 
RNA template of the a factor gene yielded 0.8% incor 
poration while a coupled transcription and translation 
reaction using a DNA template yielded 12.4% incorpo 
ration. Again, samples of the reactions were run on 
SDS/PAGE gels to con?rm the size of the proteins 
produced. Other proteins produced from DNA tem 
plates in coupled transcription and translation reactions 
include: TFIID transcription factor, behind the T7 
promoter, yielding 5% incorporation; Cjun transcrip 
tion factor, behind T7, yielding 13.4% incorporation; 
B-galactosidase, behind the SP6 promoter, yielding 
28% incorporation; and polyA/luc, a luciferase gene in 
a poly A vector, behind SP6, yielding 25.9% incorpora 
tion. 

EXAMPLE 5 

Coupled transcription and translation was performed 
in rabbit reticulocyte lysate using a DNA construct of 
B-lactamase precursor, in the presence and absence of 
canine microsomal membranes, to test post-translational 
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modi?cation of proteins. The reactions contained a 
labeled amino acid in order to visualize the products by 
autoradiography. Products from the reactions were run 
on SDS/PAGE gels. The protein product from the 
reaction without microsomal membranes migrated at 
about 31.5 kilodaltons (Kd) while the protein product 
from the reaction containing microsomal membranes 
migrated at about 28.9 Kd, indicating that the signal 
sequence had been processed. 

In a similar coupled transcription and translation 
experiment a DNA construct of the a factor of S. cerevi 
siae was translated both in the presence and absence of 
canine microsomal membranes. Again, the radiolabeled 
products were run on a gel and the results indicated the 
18.6 Kd precursor had been processed to a protein mi 
grating at 32.0 Kd, indicating that the a factor was 
glycosylated. 

EXAMPLE 6 

Coupled transcription and translation was performed 
on DNA produced from a thermocycled ampli?cation 
process. The only requirement for such a DNA is that 
the ampli?ed fragment contain an RNA polymerase 
promoter. The experiment was performed using a DNA 
fragment ampli?ed from the pGEMLUC plasmid. The 
resulting fragment contained the sequence for the SP6 
RNA polymerase promoter and the sequence for the 
luciferase gene. When this DNA fragment was intro 
duced into a coupled reaction under conditions similar 
to example 1, luciferase protein was produced. Other 
ampli?ed DNA fragments have been translated in cou 
pled reactions including a pGEMEX/ gene 10 fragment, 
behind the T7 promoter, and a B-galactosidase frag 
ment, behind the SP6 promoter. 
Although one embodiment of the present invention 

has been described, it will be apparent to those skilled in 
the art that various changes and modi?cations may be 
made therein without departing from the spirit of the 
invention or from the scope of the appended claims. 
What is claimed is: 
1. A method for coupling transcription and transla 

tion in a cell-free extract derived from cells from the 
group consisting of plant and animal cells in a static 
reaction to produce protein, said method comprising 

adding a DNA template to said extract, 
adding ribonucleotide triphosphates to said extract, 
adding a RNA polymerase to said extract, and 
adding a suf?cient amount of a magnesium salt to said 

extract to raise the magnesium concentration to a 
level where RNA is transcribed from said template 
DNA and the RNA translates into said protein. 

2. The method of claim 1 wherein said extract is 
rabbit reticulocyte lysate. 

3. The method of claim 2 wherein said ?nal magne 
sium concentration is about 2.5 mM to about 3.5 mM. 

4. The method of claim 2 wherein said ?nal magne 
sium concentration is about 2.6 mM to about 3.0 mM. 

5. The method of claim 2 wherein a polyamine is 
added to said lysate. 

6. The method of claim 5 wherein said polyamine is 
spermidine. 

7. The method of claim 6 wherein said spermidine is 
added to said lysate to a concentration of about 0.2 mM 
to about 0.4 mM. 

8. The method of claim 2 wherein the potassium 
concentration of said lysate is adjusted to about 40 mM 
to about 100 mM. 
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9. The method of claim 2 including adding a suf?cient 

amount of a ribonuclease inhibitor to said lysate to ef 
fectively inactivate endogenous ribonucleases. 

10. The method of claim 9 wherein said ribonuclease 
inhibitor is RNasin. 

11. The method of claim 2 wherein said polymerase is 
selected from the group consisting of SP6, T7 and T3 
RNA polymerases. 

12. The method of claim 2 wherein said DNA tem 
plate has a multiple cloning region. 

13. The method of claim 12 wherein a polymerase 
promoter sequence is located at one end of said multiple 
cloning region. 

14. The method of claim 13 wherein said template has 
a poly A sequence at the opposite end of said multiple 
cloning region, so that cloning into said multiple clon 
ing region produces a gene that is ?anked by an RNA 
polymerase promoter at the 5' end and a poly A se 
quence at the 3’ end. 

15. The method of claim 13 wherein the polymerase 
corresponding to said promoter sequence is added to 
said lysate. 

16. The method of claim 2 wherein said DNA tem 
plate is in a form which is selected from the group con 
sisting of a supercoiled molecule, a covalently closed 
circular molecule, a linear molecule or a DNA segment 
made by the process known as a polymerase chain reac 
tion. 

17. The method of claim 2 wherein 0.4 mM of each of i 
said ribonucleotide triphosphates are added to said ly 
sate. 

18. The method of claim 1 wherein said extract is 
wheat germ extract. 

19. The method of claim 18 wherein said ?nal magne 
sium concentration is about 3.0 mM to about 5.25 mM. 

20. The method of claim 18 wherein said ?nal magne 
sium concentration is about 4.0 mM to about 4.75 mM. 

21. The method of claim 18 wherein a polyamine is 
added to said extract. 

22. The method of claim 21 wherein said polyamine is 
spermidine. 

23. The method of claim 22 wherein said spermidine 
is added to said extract to a concentration of about 0.2 
mM to about 0.9 mM. 

24. The method of claim 18 wherein the potassium 
concentration of said extract is adjusted to about 50 mM 
to about 150 mM. 

25. The method of claim 18 including adding a suf? 
cient amount of a ribonuclease inhibitor to said lysate to 
effectively inactivate endogenous ribonucleases. 

26. The method of claim 25 wherein said ribonuclease 
inhibitor is RNasin. 

27. The method of claim 18 wherein said polymerase 
is selected from the group consisting of SP6, T7 and T3 
RNA polymerases. 

28. The method of claim 18 wherein said DNA tem 
plate has a multiple cloning region. 

29. The method of claim 28 wherein a polymerase 
promoter sequence is located at one end of said multiple 
cloning region. 

30. The method of claim 29 wherein said template has 
a poly A sequence at the opposite end of said multiple 
cloning region, so that cloning into said multiple clon 
ing region produces a gene that is ?anked by an RNA 
polymerase promoter at the 5' end and a poly A se 
quence at the 3' end. 
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31. The method of claim 29 wherein the polymerase ‘ 
corresponding to said promoter sequence is added to 
said extract. 

32. The method of claim 18 wherein said DNA tem 
plate is in a form which is selected from the group con 
sisting of a supercoiled molecule, a covalently closed 
circular molecule, a linear molecule or a DNA segment 
made by the process known as a polymerase chain reac— 
tion. 

33. The method of claim 18 wherein said ribonucleo 
tide triphosphates are added to said extract at the levels 
of 0.4 mM CTP, 0.4 mM UTP, 0.5 mM GTP and 1.6 
mM ATP. 

34. A method for producing protein from a DNA 
template having a speci?c polymerase promoter se 
quence through coupled transcription and translation in 
a batch reaction, said method comprising the steps of 
preparing a solution of eukaryotic cell-free extract of 
cells selected from the group consisting of plant and 
animal cells, modifying said extract solution with suffi 
cient concentrations of said template DNA having a 
speci?c polymerase promoter sequence, ribonucleotide 
triphosphates, amino acids and a polymerase corre 
sponding to said promoter sequence of said template 
DNA, and adding a sufficient amount of a magnesium 
salt to said extract solution to raise the ?nal magnesium 
concentration to a level where RNA is transcribed from 
said DNA template and said RNA translates into pro 
tein. 

35. The method of claim 34 wherein the ?nal concen 
tration of magnesium is said extract solution mixture is 
raised by about 0.5 mM. ‘ 

36. The method of claim 34 wherein said extract is 
rabbit reticulocyte lysate. 

37. The method of claim 36 wherein said ?nal magne 
sium concentration is about 2.5 mM to about 3.5 mM. 

38. The method of claim 36 wherein said ?nal magne 
sium concentration is about 2.6 mM to about 3.0 mM. 

39. The method of claim 36 wherein a polyamine is 
added to said solution. 

40. The method of claim 39 wherein said polyamine is 
spermidine. 

41. The method of claim 40 wherein said spermidine 
is added to said solution to a concentration of about 0.2 
mM to about 0.4 mM. 

42. The method of claim 36 wherein the potassium 
concentration of said solution is adjusted to about 40 
mM to about 100 mM. 

43. The method of claim 36 including adding a suf? 
cient amount of a ribonuclease inhibitor to said solution 
to effectively inactivate endogenous ribonucleases. 

44. The method of claim 43 wherein said ribonuclease 
inhibitor is RNasin. 

45. The method of claim 36 wherein an RNA poly 
merase is added to the lysate. 

46. The method of claim 45 wherein said polymerase 
is selected from the group consisting of SP6, T7 and T3 
RNA polymerases. 

47. The method of claim 36 wherein said DNA tem 
plate is in a form which is selected from the group con 
sisting of a supercoiled molecule, a covalently closed 
circular molecule, a linear molecule or a DNA segment 
made by the process known as a polymerase chain reac 
tion. 

48. The method of claim 36 wherein said DNA tem 
plate has a multiple cloning region. 
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49. The method of claim 48 wherein a polymerase 

promoter sequence is located at one end of said multiple 
cloning region. 

50. The method of claim 49 wherein said template has 
a poly A sequence at the opposite end of said multiple 
cloning region, so that cloning into said multiple clon 
ing region produces a gene that is flanked by an RNA 
polymerase promoter at the 5’ end and a poly A se 
quence at the 3’ end. 

51. The method of claim 36 wherein 0.4 mM of each 
of said ribonucleotide triphosphates are added to said 
solution. 

52. The method of claim 34 wherein said extract is 
wheat germ extract. 

53. The method of claim 52 wherein said ?nal magne 
sium concentration is about 3.0 mM to about 5.25 mM. 

54. The method of claim 53 wherein said ?nal magne 
sium concentration is about 4.0 mM to about 4.75 mM. 

55. The method of claim 52 wherein a polyamine is 
added to said solution. 

56. The method of claim 55 wherein said polyamine is 
spermidine. 

57. The method of claim 56 wherein said spermidine 
is added to said solution to a concentration of about 0.2 
mM to about 0.9 mM. 

58. The method of claim 52 wherein the potassium 
concentration of said solution is adjusted to about 50 
mM to about 150 mM. 

59. The method of claim 52 including adding a suffi 
cient amount of a ribonuclease inhibitor to said solution 
to effectively inactivate endogenous ribonucleases. 

60. The method of claim 59 wherein said ribonuclease 
inhibitor is RNasin. 

61. The method of claim 52 wherein an RNA poly 
merase is added to the extract. 

62. The method of claim 61 wherein said polymerase 
is selected from the group consisting of SP6, T7 and T3 
RNA polymerases. 

63. The method of claim 52 wherein said DNA tem 
plate is in a form which is selected from the group con 
sisting of a supercoiled molecule, a covalently closed 
circular molecule, a linear molecule or a DNA segment 
made by the process known as a polymerase chain reac 
tion. 

64. The method of claim 52 wherein said DNA tem 
plate has a multiple cloning region. 

65. The method of claim 64 wherein a polymerase 
promoter sequence is located at one end of said multiple 
cloning region. 

66. The method of claim 65 wherein said template has 
a poly A sequence at the opposite end of said multiple 
cloning region, so that cloning into said multiple clon 
ing region produces a gene that is ?anked by an RNA 
polymerase promoter at the 5' end and a poly A se 
quence at the 3' end. 

67. The method of claim 52 wherein said ribonucleo 
tide triphosphates are added to said solution at the lev 
els of 0.4 mM CTP, 0.4 mM UTP, 0.5 mM GTP and 1.6 
mM ATP. 

68. A kit for producing protein from a DNA template 
through coupled transcription and translation, said kit 
comprising the following components adapted to be 
used in a batch reaction: 

eukaryotic cell-free extract of cells selected from the 
group consisting of plant and animal cells, 

ribonucleotide triphosphates, 
RNA polymerase, and 



5,324,637 
19 

magnesium salt at a concentration whereby RNA is ' 

transcribed from DNA and RNA translates into 
protein. 

69. A kit as set forth in claim 68 wherein said extract 
is rabbit reticulocyte lysate. 

70. A kit as set forth in claim 69 wherein said magne 
sium salt has a concentration of about 2.5 mM to about 
3.5 mM. 

71. A kit as set forth in claim 68 wherein said extract 
is wheat germ extract. 

72. A kit as set forth in claim 71 wherein said magne 
sium salt has a concentration of about 3.0 mM to about 
5.25 mM. 

73. A kit as set forth in claim 68 and further compris 
ing a polyamine. 
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74. A kit as set forth in claim 68 and further compris 

ing a ribonuclease inhibitor. 
75. A kit as set forth in claim 68 and further compris 

ing amino acids. 
76. A eukaryotic cell-free extract for producing pro 

tein from a DNA template through coupled transcrip 
tion and translation in a batch reaction, said extract 
comprising: 

cells selected from the group consisting of plant and 
animal cells, 

ribonucleotide triphosphates, 
RNA polymerase, and 
a sufticient amount of a magnesium salt to' raise the 

?nal magnesium concentration to a level where 
RNA is transcribed from the DNA template and 
RNA translates into protein. 

‘ ‘ i i i 
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